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The Problem

• The frequency of fires in the 
Wildland-Urban Interface (WUI) 
that threaten communities is likely 
to increase due to:
– Increasing pace of WUI development 

(doubled in last 20 years)
– Increasing acres burned by wildland 

fires (nearly doubled in last 10 years)

• Of the 10 largest fire loss incidents in US history, 4 
occurred pre-1907 and 4 were WUI fires - all within the 
last 15 years.
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Types of WUI Fire Spread
vegetation vegetation vegetation structure

structure structure

• convective & radiative heat transfer
• firebrands: generation, transport, deposition, and subsequent ignition of
target fuel
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Current Approach to Community Risk Mitigation: 
Wildland-Fuel Treatments

• Reduce wildland fuel loads 
(fuel treatments)
– 60% ($300M) of USFS fuel 

treatment budget is spent in 
high priority WUI areas.

– Less than 5% of fuels are 
treated per year!

• Treatments are based on 
limited scientific study and 
fire behavior modeling.
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Current Approach Home Risk Mitigation: 
Defensible Space Around Home

• Focus is on limiting radiative and convective heat flux on home from 
vegetative fires.

• Based on worst case scenario estimates from observations and limited 
experiments.

• Structural ignition from firebrands is not well studied.

From “Protecting and landscaping home in the WUI” Idaho Forest, Wildlife and 
Range Experiment Station, Bull. No. 67, 2005
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Berkeley Hills before Berkeley Hills after 1991 fire

Structure Density is Important

From “Fire in Utah’s WUI,” M. Kuhns, Utah State University



NIST Fire Conf 4/07

What’s Lacking?

• Systematic evaluation of risk assessment / mitigation 
approaches.

• Do this through targeted experiments and a range of 
physics based fire spread models.

• Some key issues:
– role of firebrands
– impact of housing density
– effectiveness of fuel treatments
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Wildland-Urban Interface Fire Project Overview

Surface 
fuels

Trees Field
measurements

Firebrands

WUI fuel 
mapping
(Coeur d’Alene)

Shrubs

Experiments Tool Development

• Fire behavior models
- physics based
- range in complexity

• Vegetation/structure database
- flammability ratings

• Fire behavior and smoke 
movement predictions

• Risk assessment and 
mitigation

• Provide scientific basis for WUI 
building standards and codes

Tool Capabilities

U. of FL; 
USFS;
CSIRO

Forest burns / 
Fuel treatments

FERIC

WUI building standards
CDF

BRI

Ladder fuels

UCR /
USFS
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WUI Fires: Range of Processes and Scales 

regionalregional

communitycommunity

basicbasic
fuel elementsfuel elements

flame spread and ignition

smoke movement

105 ----------104 m------------- 103 m-----------102 m -----------10 m ---------1 m --- 10-3 m
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Two Levels of WUI Modeling at NISTTwo Levels of WUI Modeling at NIST

LEVEL 1 LEVEL 1 –– Community Scale Community Scale –– WFDS WFDS –– development & development & 
validation underwayvalidation underway
– 100 s of meters domain size
– More detailed physics-based fire behavior (e.g., strategic planning)

LEVEL 2 LEVEL 2 –– Landscape Scale Landscape Scale –– development starting in 2007development starting in 2007
– 1000s of meters domain size
– Relatively more semi-empirical based fire behavior
– Fast turn around time on simulations (e.g., aid responders)
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WFDS Examples

• Isolated Douglas fir tree burn laboratory experiments
• Crown fire initiation laboratory experiments
• Crown forest fire field experiments
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WFDS Example: 
Snapshot of Surface Fire Spreading Under Conifer

cone approximation 
to tree crown

surface fire surface fuel bed

fire plume
• Three dimensional
• Time dependent
• Radiative and convective heat fluxes
drive thermal degradation of vegetation.

• Drag of vegetation on air flow 
• Smoldering combustion is not 
currently modeled
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NIST Douglas Fir Tree Burns

• Douglas Fir
– Range of heights: 1.5 m – 5 m (4’ – 17’)
– Different moisture regimes
– Measured

• Mass loss
• heat release rate
• gas temperature
• heat flux

– Firebrands collected

2.4 m tall tree
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Assumptions for Tree Burn Simulations

• Tree crown is cone or cylinder
• Uniformly distributed mass

4.5 m tall Douglas fir
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Movie of Experimental and WFDS Tree Burn

• 9 cpu hours for 60 s
• grid cell = 7.5 cm; 512,000 cells
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Forest Fire Lab (Riverside, CA) 
Crown Fire Initiation Experiments

• Isolated clump of elevated 
vegetation.

• Represents a post-thinning 
environment.

• Wind speed and vertical gap 
between surface and elevated 
fuels are changed.

excelsior live chamise

1.45 m/s
wind

gap

gap

W. Tachajapong et al.
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Example of WFDS Simulation of 
Crown Fire Initiation Experiment

• Excelsior surface fuel bed is 2 m long, 80 cm wide, 5 cm deep, 
M=7.3%, ρbulk = 5.8 kg/m3, σ = 4500 m-1

• Raised chamise is 30 cm long, 80 cm wide, 30 cm tall. Base height is 25 cm
M = 80%, ρbulk = 13.6 kg/m3, σ = 4500 m-1

no imposed wind 1.45 m/s imposed wind

grid cell = 2 cm; 500,000 cells; 20 cpu hour for 120 s
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International Crown Fire Modeling Experiments

M. Alexander

• 9 plots, NWT Canada

• Jack pine / Black spruce overstory

• Black spruce understory

M. Alexander

M. Alexander
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WFDS Approximation to ICFME Structure Ignition 
Experiment
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Level 2 Model: Simple Dynamical WUI Fire Model

• Disparate wildland & structural HRRs
• Disparate time scales for burning

– Wildland fuels – minutes
– Structural fuels – hours

• Compute house-fire entrainment effects on grassland fire
• Empirical spread rate formula for grass fire
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Simple Dynamical Model
Wind-blown (2 m/s) line fire propagating past houses
Left – houses not burning; interval between lines = 40 s
Right - houses burning @ 100 MW/house; interval = 70 s
(700 s real time required 423 CPU s to compute)
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Simple Dynamical Model
Wind-blown (5 m/s) line fire propagating past houses
Left – houses not burning; interval between lines = 15 s
Right - houses burning @ 100 MW/house; interval = 20 s
(200 s real time required 228 CPU s to compute)
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Models Inputs for WUI Community
Worley, Idaho
• Vegetative and structural fuels 

and terrain mapped by the
Couer d’Alene Indian Tribe GIS
program.

• Structures colored according to
NFPA 1144 rating.

• 3-D rendering by NIST’s Smokeview
visualization tool.
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Thank you!

Questions?
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Objectives of WUI Project

• Develop usable tools (models, datasets) to assess and 
predict the risk of communities and structures to WUI 
fires.

• Provide tools to incident managers, forest managers, 
community planners, and others to reduce impact of WUI 
fires.

• Provide a scientific basis for WUI building standards and 
codes.
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Why is the problem hard to solve?

• Range of scales and multitude of driving factors         usable tools 
• Institutional boundaries has made OA funding difficult to obtain.

regionalregional

communitycommunity

residence fuelsresidence fuels

basic vegetativebasic vegetative
fuel elementsfuel elements
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Current Approach to Home Risk Mitigation:
Rule Based Checklists

• Firewise Plant lists for 14 states.
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Tree burn experiments: Different moistures 2.4 m Trees

Two moisture regimes:

I. 30% ≤ M ≤ 70%
– partially consumed crown
– only foliage burns
– no firebrands

II. M ≤ 30%
– fully consumed crown
– foliage, twigs < 10mm burn
– firebrands produced

Tree with M > 80% did not 
sustain fire spread with this 
ignition method.

Moisture = 50 %                                  14%
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Tree Burns: Experimental and WFDS 
Mass Loss Rate Histories

2.4 m tall trees; ρb=2.8
Mavg = 50% Mavg = 16%

4.5 m tall trees
Mavg = 26%

mass
loss
rate
kg/s

time, s time, s time, s
• ρb= 1.8 kg/m3

• 3.5 cpu hours for 30 s
• grid cell = 10 cm
• 320,000 cells

• ρb= 2.8 kg/m3

• 3/4 cpu hour for 30 s
• grid cell = 7.5 cm
• 128,000 cells
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Table of Experimental and WFDS Results

Height of raised 
fuel base, cm

Imposed wind 
speed, m/s

Ignition success
Experiment               WFDS

25 0 Yes Yes

25 1.45 Yes Yes

25 1.85 No No

35 0 Yes Yes

35 1.45 No No

45 0 No No
45 1.45 No No
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